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(54) [Title of the invention] 
Moisture resistant anti-reflection film 
(Taisliitsu liansha boslii maku) 

(57) [Abstract] 

[Purpose] .. .. 

To offer an anti-reflection film that allows simple wiping 
of flow marlcing that is formed on a surface after 
evaporation of water droplets which are formed through 
exposure to a high humidity atmosphere. 

[Constitution] 

A moisture resistant anti-reflection film has 
characteristics as such that is composed through successful 
formation of the following layers on an optical glass 
substrate: first layer comprising Si02 showing 550 nm 
designed wavelength and 234 to 316 nm optical film 
thickness; second layer comprising Hf02 or Ta205 showing 43 
to 58 nm optical film thickness; third layer comprising Si02 
showing 34 to 4 6 nm optical film thickness; fourth layer 
comprising Hf02 or Ta205 showing 113 to 153 nm optical film 
thickness; fifth layer comprising Si02 showing 115 to 155 nm 
optical film thickness; and sixth layer comprising perfluoro 
alkyl silazane showing 5 to 15 nm optical film thickness. 
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[CLAIMS] 
[Claim item 1] 

A moisture resistant and anti-reflection film has 
characteristics as such that following layers are 
successfully formed on an optical glass substrate: first 
layer comprising Si02 showing 550 nm designed wavelength and 
234 to 316 nm optical film thickness; second layer 
comprising Hf02 or Ta205 showing 43 to 58 nm optical film 
thickness; third layer comprising Si02 showing 34 to 46 nm 
optical film thickness; fourth layer comprising Hf02 or 
Ta205 showing 113 to 153 nm optical film thickness; fifth 
layer comprising Si02 showing 115 to 155 nm optical film 
thickness; and sixth layer comprising perfluoro alkyl 
silazane showing 5 to 15 nm optical film thickness. 

[Claim item 2] 

The moisture resistant and anti-reflection film according 
to the claim item 1, wherein alkyl group of perfluoro alkyl 
silazane is of alkyl group with 1 to 4 number of carbon 
atoms . 

[DETAILED EXPLANATION OF THE INVENTION] 
[0001] 

[Fields of industrial application] 

This invention relates to optical parts which constitute 
optical machinery and equipment; and in particular, it 
relates to an anti-reflection film suitable for optical 
parts which are used in an atmoshphere with high humidity. 

[0002] 

[Prior art and problem points] 

As for the anti-reflection films which are generally used 
for optical parts such as lens or prism and the like which 
constitute optical machinery and equipment, for instance, 
an anti-reflection film that is prepared through successful 
formation of the following layers on a BK7 optical glass 
substrate (refractive index = 1.52) has been used: first 
layer comprising AI2O3 with 138 nm optical film thickness; 
second layer comprising Zr02 with 275 nm optical film 
thickness; and third layer comprising MgF2 with 13 8 nm 
optical film thickness. However, according to this type of 
conventional anti-reflection film, in an atmosphere with 
high humidity that forms water droplets on its surface, when 
said water droplets evaporate over long hours, flow marking 
with white cloudy form remains where water droplets were 
present to present a problem point that it is not easy to 
remove this flow marking even when it is wiped with solvents 
such as alcohol and the like. 



[0003] 

[Purpose of this invention] 

Tliis invention's purpose is to solve above -explained 
problem points of the prior art, and to offer an anti- 
reflection film of which flow marking remaining after 
formation and evaporation of water droplets on a surface due 
to its exposure to an atmosphere with high humidity with a 
simple wipe off action. 

[0004] 

[Outline of this invention] 

This invention attained above -explained purpose through a 
constitution of anti-reflection film of combination of Hf02 
or Ta205 that is a high refractive index material showing 
high moisture resistance, and Si02 that is a low refractive 
index material showing excellent moisture resistance in 
addition to forming of a layer comprising perfluoro alJcyl 
silazane that is a water-repellent polymer material on its 
most outer layer. 

[0005] 

That is to say, this invention's moisture resistant and 
anti-reflection film has characteristics as such that 
following layers are successfully formed on an optical glass 
substrate: first layer comprising Si02 showing 550 nm 
designed wavelength and 234 to 316 nm optical film 
thicJcness; second layer comprising Hf02 or Ta205 showing 43 
to 58 nm optical film thickness; third layer comprising Si02 
showing 34 to 46 nm optical film layer thickness; fourth 
layer comprising Hf02 or Ta205 showing 113 to 153 nm optical 
film thickness; fifth layer comprising Si02 showing 115 to 
155 nm optical film thickness; and sixth layer comprising 
perfluoro alkyl silazane showing 5 to 15 nm optical film 
thickness . 

[0006] 

According to this invention's anti-reflection film, as for 
the perfluoro alkyl silazane that constitutes said sixth 
layer, no particular restrictions , are placed as long as it 
shows sufficient water repelling property as well as film 
forming property; however, the ones of which aikyl group has 
1 to 4 number of carbon atoms are recommended. More 
concretely, perfluoro methyl silazane or perfluoro diethyl 
silazane and the like may be mentioned. 



[0007] 

As explained above, an anti -reflection film showing 
excellent moisture resistance is attained through forming an 
anti-reflection film comprising 5 layers of Hf02 or Ta205 
that is a high refractive index material showing high 
moisture resistance, and Si02 that is a low refractive index 
material showing excellent moisture resistance, and in 
addition, sixth layer comprising perfluoro alkyl silazane 
showing water repelling property so forming of water 
droplets is difficult on the surface of anti-reflection film 
even when it is exposed to an atmosphere with high humidity. 

[0008] 

Each layer that composes this invention's anti-reflection 
film may be formed through any optional methods such as 
vacuum vapor deposition method, sputtering method, ion 
plating method, or ion beam assist method and the like. 

[0009] 
[Examples] 

This invention is further explained below in details with 
examples; however, this invention should not be limited with 
these examples. 

[0010] 
EXAMPLE 1 

A BK7 optical glass substrate with 1.52 refractive index 
was heated to 250 C; and following layers were successfully 
formed on this through use of a vacuum vapor deposition 
device: first layer comprising Si02 showing 275 nm optical 
film thickness; second layer comprising Hf02 showing 50 nm 
optical film thickness; third layer comprising Si02 showing 
40 nm optical film thickness; fourth layer comprising Hf02 
showing 133 nm optical film thickness; and fifth layer 
comprising Si02 showing 135 nm optical film thickness. And 
then, said glass substrate was cooled to 80^C; and sixth 
layer comprising perfluoro methyl silazane showing 10 nm 
optical film thickness was formed to provide an anti- 
reflection film. 



[0011] 
EXAMPLE 2 

A BK 7 optical glass substrate with 1.52 refractive index 
was heated to 250*^C; and following layers were successfully 
formed on this through use of a vacuum vapor deposition 
device: first layer comprising Si02 showing 275 nm optical 
film thickness; second layer comprising Ta205 showing 50 nm 
optical layer thickness; third layer comprising Si02 showing 
40 nm optical film thickness; fourth layer comprising Ta205 
showing 133 nm optical film thickness; and fifth layer 
comprising Si02 showing 135 nm optical film thickness. And 
then, said glass substrate was cooled to 80*^C; and sixth 
layer comprising perfluoro methyl silazane showing 10 nm 
optical film thickness was formed to provide an anti- 
reflection film. 

[0012] 

COMPARATIVE EXAMPLE 1 

A BK7 optical glass substrate with 1.52 refractive index 
was heated to 250^C; and following layers were successfully 
formed on this through use of a vacuum vapor deposition 
device to form an anti-reflection film: first layer 
comprising AI2O2 showing 138 nm optical film thickness; 
second layer comprising Zr02 showing 275 nm optical film 
thickness; and third layer comprising MgF2 showing 138 nm 
optical film thickness. 

[0013] 

COMPARATIVE EXAMPLE 2 

A BK7 optical glass substrate with 1.52 refractive index 
was heated to 250'*C; and following layers were successfully 
formed on this through use of a vacuum vapor deposition 
device: first layer comprising AI2O3 showing 138 nm optical 
film thickness; second layer comprising Zr02 showing 275 nm 
optical film thickness; and third layer comprising MgF2 
showing 138 nm optical film thickness. And then, said glass 
substrate was cooled to 80*^C, and fourth layer comprising 
perfluoro methyl silazane showing 10 nm optical density 
thickness was formed on the third layer to provide an anti- 
reflection film. 

[0014] 

COMPARATIVE EXAMPLE 3 

A BK7 optical glass substrate with 1.52 refractive index 
was heated to 250 C; and following layers were successfully 
formed on this through use of a vacuum vapor deposition 
device to provide an anti-reflection film: first layer 
comprising Si02 showing 275 nm optical film thickness; 
second layer comprising Hf02 showing 50 nm optical film 
thickness; third layer comprising Si02 showing 4 0 nm optical 
film thickness; fourth layer comprising Hf02 showing 133 nm 
optical film thickness; and fifth layer comprising Si02 
showing 135 nm optical film thickness. 
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[0015] 

Spectral reflectively characteristics of anti-reflection 
films prepared through examples 1 and 2, comparative example 
1 are illustrated in the Figures 1,2,, and 3. As it is 
clear from these Figures, all anti-reflection films show 5^ 
incidental spectral reflectively characteristics of at most 
0.5% reflectively at 150 to 290 nm wavelength width centered 
at 550 nm designed wavelength. 

[0016] 

Moisture resistance test 

Water droplets comprising pure water were formed on each 
anti -reflection film prepared througli above -explained 
examples and comparative example; and after they were left 
undisturbed for 14 hours at 65^C, 95% relative humidity 
atmosphere, exterior appearance of each film plane was 
absorbed. Then, the film plane was wiped with alcohol to 
evaluate exterior appearance of the film plane. Exterior 
appearance was evaluated based on standards explained below, 
and results are shown in the Table 1. 



[0017] 

Exterior appearance after evaporation of water droplets: 
x: large flow marJcing remaining 
o: small flow marking remaining 

Exterior appearance after wiping with alcohol 
X: no change 

hardly any flow marlcing observed 
o: no flow marlcing observed 



[0018] 
[Table 1] 

after evaporation after wiping with 

of water droplets alcohol 
example 1 o O ... 

example 1 o o 

comparative example 1 x x 

comparative example 2 o ^ 

comparative example 3 o ^ 

[0019] 

As it may be noted from the Table 1, this invention's 
anti -reflection film to which anti -reflect ion 
characteristics were provided through combination of Hf02 or 
Ta205 that is a high refractive index material showing 
excellent moisture resistance, and Si02 that is a low 
refractive index material showing excellent moisture 
resistance, and water- repelling property was provided 
through use of most outer layer comprising perfluoro allcyl 
silazane showed significantly improved moisture resistance 
in comparison with that of conventional anti-reflection 
films . 





[0020] 

[Effects of this invention] 

This invention's anti-reflection film shows high anti- 
reflection effect as well as excellent moisture resistance 
with at most 0.5% reflectively at 150 nm wavelength width 
centered at 550 nm designed wavelength; and therefore, it is 
best suited as anti-reflection film for optical parts which 
are used in high humidity atmosphere. 

[BRIEF EXPLANATION OF THE FIGURES] 
[Figure 1] 

It illustrates spectral reflectively characteristics of 
anti-reflection film prepared in the example 1. 

[Figure 2] 

It illustrates spectral reflectively characteristics of 
anti-reflection film prepared in the example 2. 

[Figure 3] 

It illustrates spectral reflectively characteristics of 
anti-reflection film prepared in the comparative example 1. 

Figures 1 through 3 
1: wavelength (nm) 
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